We evaluated the seed dispersal of Bursera longipes by birds along a successional gradient of tropical dry forest (TDF) 
Inadequate agricultural practices have reduced the undisturbed area of tropical dry forests 64 (TDF) in Mesoamerica to fragments at various successional stages (Quesada et al., 2009 ). Since 114 abundance increases in the most well-preserved sites, it also settles in disturbed areas 115 (Rzedowski, Medina & Calderón de Rzedowski, 2005) . 116 The questions of this study were: (1) Which bird species remove B. longipes seeds along 117 the TDF successional mosaic? (2) Do seeds that pass through the tract of birds have higher 118 germination rates than those that fall down from trees? (3) Are there differences in the quality of 119 124 We conducted the study at three sites corresponding to different successional phases of 125 TDF that have been largely unmanaged for varying periods of time since their last major 126 disturbance (i.e., clear-cutting or burning). The three sites are described, as follows: (1) the early 127 successional site (last disturbed ca. 20 y ago) consisted of vegetation regrowth but was once used 128 for cattle ranching and, to a lesser extent, seasonal agriculture. (2) The intermediate successional 129 site (last disturbed ca. 35 y ago) corresponded to a transitional phase between a mature forest and 130 fragmented areas. The matrix surrounding the site consisted of pasture and seasonal corn and 131 bean fields. This site was previously used for seasonal corn production and cattle ranching. 132 Nonetheless, to a large extent, structural and floristic elements have developed so that they begin 133 to mirror the original dry forest vegetation. (3) The mature successional stage is characterized by 134 a closed canopy and the presence of a tree cover that is typical of mature dry forest (i.e., 135 dominance of the Bursera spp.). This site has not experienced a large scale disturbance for more The effectiveness of seed dispersal in each successional stage was estimated as proposed 149 by Schupp (1993) , by considering the quantity and quality components. The quantity was 150 estimated based on the abundance of frugivorous birds, their frequency of visits to B. longipes 151 tree and average number of fruits removed per visit. The quality was estimated based on the 152 percentage of germination after seeds passed through the digestive system of birds, probability of 153 seed deposition at nurse plants (adult plants that positively influence the recruitment of young 154 seedlings) and the contribution of bird species to the establishment sites (Schupp, Jordano & 155 Gómez, 2010). Seed dispersal effectiveness of each frugivore is calculated as the product of the 156 components of quantity and quality, using the following subcomponents (Schupp, 1993): 157 Effectiveness = relative abundance x frequency of visits x average number of removed fruits x 158 seed germination x seed deposition probability x contribution of birds to the site of For each species, the relative abundance was calculated based on the number of 173 individuals captured per net hour, and the data were analyzed in a χ 2 contingency table to 174 determine whether differences in number of individuals existed between sites. The null 175 hypothesis in this case would be the existence of an equal number of individuals at each site. To determine the effect of the digestive system of birds on the proportion of germinated 196 seeds, we used seeds obtained from the excrement of birds captured by the mist nets. These birds 197 were placed in individual cages (40 x 40 cm) lined with mosquito netting and fed ad libitum with 198 ripe B. longipes fruits for a day after capture. Retention time of seeds was estimated from the 199 moment of fruit consumption until defecation. The premise is that longer retention times likely 200 contribute to seeds being spread farther from the mother plant (Westcott & Graham, 2000) . After 201 evacuation, the feces were collected, and the birds were released. The techniques used to collect 202 vomit and feces were non-invasive and it was no necessary to have a special authorization. The time that seeds remained in the digestive system of birds and the proportion of 223 germination were compared between treatment and controls groups with a one-way ANOVA, 224 using as a null hypothesis the same proportion of germination for all treatments. The data on 225 germination percentages were transformed to arcsine square root, as this is an appropriate 226 technique for analyzing percentages and ratios (Sokal & Rohlf, 1987) . Multiple comparisons 227 were analyzed with a Tukey HSD. Analyses were performed in the SPSS 17.0 software (SPSS, 247 of the normal distribution) was considered to be a significant deviation.
248
The probability that the seeds were deposited in safe places (Acacia and Mimosa trees 249 and shrubs) was determined by the proportion of frugivore visits to these perch plants in 250 relationship to the total number of recorded visits. The shortest average seed retention time from fruit intake until evacuation was recorded 298 for M. nuttingi and the highest for M. tyrannulus (Table 2 ). The latter had the widest range in 300 corresponded to M. luteiventris (minimum = 12 min and maximum = 155 min; Table 2 ). 301 However, these differences in retention time were not significant (F 4,122 = 0.98, p = 0.420).
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None of the seeds with pseudoaril (control group 1) germinated (Fig. 2) . Seeds without 303 pseudoaril (control group 2) had a germination rate of 10%. The seeds that passed through the 304 digestive tract of Myiarchus cinerascens had the highest germination percentage (27%, n = 33), 305 followed by Myiarchus tyrannulus (26%, n = 27), Melanerpes chrysogenys (24%, n = 29), 306 Myiarchus nuttingi (15%, n = 67) and Myiodynates luteiventris (12%, n = 58) (Fig. 2) . The 307 resulting differences among treatments were significant (F 5,114 = 9.11, p < 0.001). The Tukey 308 HSD test indicated that the three bird species with the highest percentage of germination (M. 314 Seed deposition in secure sites (nurse plants) 315 After consuming the fruits, the birds perched in three categories of plants (Fig. 4) . The 316 preference was for Acacia and Mimosa plants at all three sites (X 2 = 22.98, df = 12, p < 0.05; X 2 317 = 55.33, df = 20, p < 0.05; X 2 = 54.98, df = 20, p < 0.05 for the early, intermediate and mature 318 sites respectively) (Fig. 4a-c (Table 3) . At the intermediate site, the largest number of seedlings was found under 335 Mimosa polyantha and Calliandra eryophylla, and for the mature site under Eysenhardtia 336 polystachya, Senna wislizeni, Sebastiana pavoniana and Acacia cochliacantha (Table 3) . Acacia 337 subangulata was the only legume that presented a lower number of observed seedlings than 338 expected by chance (Table 3) . The effectiveness of seed dispersal was estimated for five bird species whose number of 347 visits allowed for a reliable estimation, which varied depending on the site (Table 4) . For other 348 species, dispersion was not determined due to lack of defecated seeds or other subcomponents 349 that would allow for assessment. At all sites the best dispersers belonged to the genus Myiarchus. 350 At the early site, only M. cinerascens contributed to seed dispersion (Table 4) (Table 4) . Although several bird species removed many fruits and constantly visited B. longipes 366 trees at all three sites, some of them did not contribute to the effective dispersal of its seeds. For 367 example, S. psaltria and E. canicularis had the highest rate of fruit removal at all three sites. S. 369 
394
The distribution of Bursera spp. and particularly B. longipes apparently coincides with 395 that of the Myiarchus genus throughout the Neotropics, and in this study these flycatchers have 396 proven to be its most effective seed dispersers (sensu Schupp, 1995) . The distribution of both 397 groups is characteristic of semi-arid environments, and both the birds and the plants diversified 418 these bird species consume insects throughout much of the year, and their intestines are usually 419 small and require additional enzymatic attack, contrary to strict frugivores whose digestive 420 system is more long and simple (Jordano, 1986) . 421 The probability that B. longipes seeds are deposited by flycatchers of the genus 422 Myiarchus, in suitable sites for germination and the subsequent development of seedlings, 423 confirms that these flycatchers are the most efficient seed dispersers across different stages of Other members of the Tyrannidae family, such as T.verticalis and T. vociferans, were 432 also considered as dispersers in this study, since they remove fruits in large quantities, swallow 433 whole seeds and typically perch on the top branches of B. longipes trees for long periods of time. 434 However, the quality of dispersal by these species was low, as conspecific trees recruitment was 
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Although the number of frugivorous birds was lower in the earlier successional stages 452 (Almazán-Núñez et al., 2015), the presence of dispersers that can tolerate disturbed sites 453 ultimately contributes to the regeneration of these forests (Griscom et al., 2007) . At a lesser 454 density, the number of seedlings recruited underneath mother plants in the early site was greater. 455 However, it is also likely that the process of germination and establishment at this stage is slower 456 than for other stages of succession, mainly due to the more inhospitable conditions facing seeds 
